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Abstract. Type-I color superconductors display a first-order phase transition 
due to thermal gauge-field fluctuations. We numerically evaluated the critical 
temperature of the first-order phase transition and the corresponding disconti- 
nuity of the diquark condensate at the critical point. 
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1. Introduction 

Quark matter at high baryon densities and sufficiently low temperatures is expected 
to be a color superconductor [P. The physics in this region of the QCD phase 
diagram is relevant to explain the properties of highly compressed nuclear matter 
inside compact stars. Due to asymptotic freedom of QCD, color superconductivity 
can be quantitatively explored within QCD at asymptotic densities. 

An analytical study concerning the effect of gauge fluctuations on the free en- 
ergy of a homogeneous type-I color-flavor locked (CFL) superconductor, near the 
critical temperature, was carried out in Ref. [E]. In this letter numerical results 
are presented for the fluctuation-induced critical temperature and the value of the 
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diquark condensate at the transition temperature. 

2. Ginzburg-Landau free energy functional including gluon fluc- 
tuations 

The relevant Ginzburg-Landau (GL) free energy density including the gauge field 
fluctuations, 7(i, A), obtained in Ref. as a function of the CFL gap function 
A(T) near reads 



where t = (T — Tc)/Tc is the reduced temperature and fi is the quark chemical 
potential. The first two terms in eq. ^ correspond to the GL free energy without 
the gluon fluctuations The magnetic penetration depth A(T) is deflned as 

1/A2(T) = ^ (^0?)^ and the last term 

F{z) = dxx^ {in [l + ^fix)] - ^/(^)} . (2) 

reflects the contribution of the gluon fluctuations to the free energy. The derivation 
of this free energy will be presented in detail in a forthcoming publication [0]. The 
function /(y) describes the momentum dependence of the gluon magnetic mass in 
the static limit 
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The limiting behavior of this function is /(O) — 1 and f{y) ~ 37r'^/[28C(3) y] for 
y ^ 1. In terms of the coherence length at zero temperature (^o = 2-Kk t ) ^^e 

variable z{T) in eq. Q can be expressed as z{T) — jr^- This quantity determines 
for which temperatures the local-coupling approximation of the interactions between 
the gluons and the condensate is valid [0]. 

3. Numerical results and comments 

The new critical temperature T* for the first-order phase transition and the value 
of the gap A(T*) were obtained from the nontrivial solution of the pair of equations 
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We solved these equations numerically in order to find ^{T*) and T* as functions 
of II. In the Appendix it is explained how Tc and g were computed as functions of 
Fig. 1 (a) shows the ratio between T* and the pairing temperature Tc at ultra- 
high chemical potentials. The discontinuity of the gap at T* relative to its value at 
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Fig. 1. (a) Comparison between the critical temperatures at high densities, (b) 
Discontinuity of the gap at the transition. 

T = is shown in Fig. 1 (b). Note that T* > Tc at high, though finite, densities. 
Since ^^^y ^ for nonzero chemical potentials we always have a first-order phase 
transition. However, both plots indicate that for ^ oo we have -jr- — > 1 and 
^^qY — !■ 0, meaning that a second-order phase transition takes place at infinitely 
large density. Our results for T* and A(T*) are different than what was found in 
Ref. [E] . Matsuura et al. obtained that the fluctuation-induced critical temperature 
was smaller than Tc and the ratio ^^^y was found to be much smaller than what is 
shown in Fig. 1 (b). The reason why our results do not agree with those obtained in 
Ref. [0 is that in our approach the gluon fluctuations contribute always negatively 
to the GL free energy, which favors the diquark condensation and increases the 
corresponding fluctuation induced critical temperature [0]. 

In summary, we showed that gauge-field fluctuations not only induce a strong 
first-order phase transition but also increase the corresponding critical temperature 
beyond its mean-field value. 
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Appendix 

In this paper we used the temperature Tc obtained in Ref . [ IB! , In — — + 
In ^"^^'^^ — h 7 ~ ^ , which corresponds to the pairing instabihty of the normal 

{Njg^)2 ' 8 ' 
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phase. We also used the 3-loop formula for a = to compute g{fM) [(Tj, a{fi) = 



Atv 

/3oln(MVA^) 



"^i^+mSmw ((i-(MmVa^)) - 1/2)^ 



where /3o = 9, /3i = 51 - f TV/ = 32, /^a = 2857 - ^^^^^ + ^^^^fi, A ^ 364, for 
three quark flavors Nf — 3 and three colors. 
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